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Abstract
The aim of this study was to compare the in vitro micro-
bial leakage in 4 micro-hybrid composites in combina-
tion with 4 single-component dental adhesives (Scotch-
bond 1/Z100 MP = group 1; Syntac Single-Component/
Tetric Flow = group 3; OptiBond Solo/XRV Herculite =
group 5; Solobond M/Arabesk Top = group 7) and 4 mul-
ti-component dental adhesives (Scotchbond Multi-Pur-
pose/Z100 MP = group 2; Syntac/Tetric Flow = group 4;
OptiBond FL/XRV Herculite = group 6; Solobond Plus/
Arabesk Top = group 8). Ninety-four mixed standardized
Class V cavities of human caries-free extracted premo-
lars were filled with eight different composite adhesive
systems using a one-layer (groups 1–4) or a two-layer
technique (groups 5–8). After thermocycling and incuba-
tion in a broth culture of Streptococcus mutans and Lac-
tobacillus acidophilus, followed by decalcification and
staining, the extent and the type of microbial leakage
were measured histologically. The extent of microbial
leakage in the composite restorations was very low in all
groups and there were no significant differences be-
tween adhesives. Z100 MP in combination with single-
and multi-component adhesives showed a significantly
higher microbial leakage than Tetric Flow systems (U
test: p = 0.037). XRV Herculite adhesive systems showed
significantly less extensive microbial leakage than Ara-
besk Top adhesive systems (U test: p ! 0.001). The sin-
gle-component dental adhesives achieved a marginal
adaptation of composites comparable to that of multi-
component adhesives in vitro.
Copyright © 2003 S. Karger AG, Basel
Microbial leakage at the marginal gap between restora-
tion and tooth surface is a potential caries risk factor as
well as an indicator for the curative value of restorative
materials [Klimm et al., 1996]. The quality and aesthetics
of composite restorations are mainly determined by the
marginal adaptation of composite materials. In this con-
text adhesive systems play a key role [Lutz et al., 1993].
Composite-enamel bonding has been proven reliable by
the application of the adhesive technique. The dentin-
composite bond is more problematic. First attempts were
made in the 1960s when dentin adhesives of the first gen-
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eration were developed [Schäfer, 1999]. In the 1970s,
Fusayama [1990, 1997] introduced dentin etching using a
phosphoric-acid gel to form micro-mechanical retention
in dentin by dissolving smear plugs within the tubules.
Due to strong international opposition to dentin etching,
this technique did not become generally accepted until the
1990s [Fusayama, 1997]. The fourth generation of adhe-
sives requires total etching of dentin and enamel [Schäfer,
1999]. The quality of the marginal adaptation has been
clearly improved through the consistent use of micro-
mechanical retention within the dentin [Haller, 1994].
Dentin bonding was still complicated by the three-step
procedure, comprising conditioning, priming and bond-
ing. Along with the improvement of the adhesion to the
dentin, the goal of these developments was to reduce the
number of necessary components in order to simplify its
use, avoid errors and reduce the time needed for treat-
ment. Dentin adhesives of the third and fourth generation
(multi-component dental adhesives) were developed into
a fifth generation (single-component dental adhesives)
[Schäfer, 1999]. With multi-component dental adhesives,
the primer and adhesive are applied separately. With sin-
gle-component dental adhesives, the primer and adhesive
come already combined and are then applied 1–2 times to
the cavity surface. The newest development in this area
are the self-conditioning, non-rinsing dentin adhesives,
with which the special conditioner does not need to be
rinsed away [Dammaschke and Schäfer, 2000].
The relative merits of the single-component versus the
multi-component dental adhesives in regard to bonding
with the tooth can be determined through shear bond
strength tests, dye penetration tests and morphological
examinations of restorations [Blunck, 1996]. Opinions
vary as to the success of single-component adhesives.
Some experts are cautious to recommend the single-com-
ponent adhesives because of their lesser bond strength as
well as a lack of significant gains in the time of application
[Hickel, 1997]. Haller and Fritzenschaft [1999] found
that on both dry and moist dentin multi-component den-
tal adhesives formed a significantly stronger bond. Some
multi-component adhesives exhibited better marginal ad-
aptation than some of the single-component adhesives.
Abdalla and Davidson [1998] found that the single-com-
ponent adhesives formed a weaker bond to the dentin.
Other authors determined, however, that there are single-
component dental adhesives whose in vitro bond
strengths for enamel and dentin as well as hybrid zone
formation were equivalent to conventional multi-compo-
nent dental adhesives [Vargas et al., 1997; Swift et al.,
1998].
The aim of this study was to compare the microbial
leakage of composite restorations with single-component
and multi-component dental adhesives using an in vitro
microbiological test system [Klimm et al., 1996].
Materials and Methods
Caries-free human permanent premolars, extracted for orthodon-
tic reasons, were used. The teeth were freed from periodontal fibers,
cleaned with Clean Polish (Hawe Neos, Gentilino, Switzerland),
examined for cracks, caries and restorations using a magnifying glass
and stored in artificial saliva (standard formula: 12.5 g of 4% hy-
droxyethyl cellulose gel; 4.28 g of 70% sorbitol solution; 0.12 g KCl;
0.08 g NaCl; 0.06 g Na2HPO4 W12H2O; 0.02 g CaCl2 W2H2O; 0.01 g
MgCl2 W6H2O; 82.9 g conserved water). Under aseptic conditions
(surgical hand disinfection, sterile gloves, face mask, 2-min surface
disinfection with 3% hydrogen peroxide and 0.5% alcoholic chlor-
hexidine digluconate, sterile instruments and rotary instruments,
sterile filtered compressed air, cooling with sterile distilled water) the
teeth were apically sealed in order to prevent retrograde bacterial
penetration. Following the apical reduction of the roots and apical
cavity preparation, the teeth were apically sealed employing the fol-
lowing three steps: (1) zinc oxide-eugenol (University Clinic Dres-
den), (2) Harvard cement, normally hardening (Harvard Dental
GmbH, Berlin) and (3) OptiBondTMFL (Kerr, Orange, Calif., USA).
Class V restorations were placed in 48 premolars. Two cavities
were prepared per tooth, one in the vestibular, the other in the oral
surface. In each of the 8 test groups, 6 teeth with 12 cavities were
used. Under aseptic conditions, standardized Class V cavities with
their cervical margins below the cementoenamel junction were pre-
pared with a high-speed, pear-shaped medium-grain diamond instru-
ment (120,000 rpm) and finished at 40,000 rpm using a high-speed,
pear-shaped fine-grain diamond instrument. Sterile water-cooling
was maintained throughout. The cavities measured 3 mm mesio-dis-
tally, 2.5 mm inciso-apically and were 2 mm deep. A 1-mm bevel was
placed on the coronal margin with a high-speed, flame-shaped fine-
grain diamond (40,000 rpm) with water-cooling. The eight composite
adhesive systems tested are listed in table 1. A one-layer technique
was used for groups 1–4, and a two-layer technique (first layer apical-
ly, second layer coronally) was used for groups 5–8. All fillings were
applied according to the manufacturer’s instructions (table 2a, b).
After placing, the restorations were contoured and polished with a
fine-grain, flame-shaped high-speed diamond (40,000 rpm) with
water-cooling, low-speed silicone polishers (8,000 rpm) with water
spray and polishing discs (8,000 rpm). For purposes of simulating
temperature change stresses, the filled teeth were thermocycled in an
artificial saliva solution (5°C/55°C, groups 1–4: 5,200 cycles; groups
5–8: 5,000 cycles; duration of cycles: 70 s). Afterwards, the apical
sealing with OptiBondTMFL (Kerr) was repeated. The filled teeth
were then incubated for 8 weeks at 37°C with a broth culture; 0.1 ml
of thioglycollate broth cultures of wild strain Streptcoccus mutans
and Lactobacillus acidophilus (108 CFU/ml) were transferred to
tubes containing filled teeth and filled to 5 ml with thioglycollate
medium (Oxoid, Unipath Ltd., Hampshire, UK). The incubation
medium was renewed every 48 h. The cultures were checked bio-
chemically and for cell and colony morphology. After fixation in a
formaldehyde solution (5%, phosphate-buffered at pH 7) for 7 days,
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Table 1. Composite adhesive systems used
Dental adhesive Composite Manufacturer Group
number
Single-component dental adhesives
Scotchbond 1 Z100 MP 3M, St. Paul, Minn., USA 1
Syntac Single-Component Tetric Flow Vivadent, Schaan, Liechtenstein 3
OptiBond Solo XRV Herculite Kerr, Orange, Calif., USA 5
Solobond M Arabesk Top Voco, Cuxhaven, Germany 7
Multi-component dental adhesives
Scotchbond Multi-Purpose Z100 MP 3M 2
Syntac Tetric Flow Vivadent 4
OptiBond FL XRV Herculite Kerr 6
Solobond Plus Arabesk Top Voco 8
Table 2. Application procedure of composite adhesive systems according to manufacturer’s instructions
a Scotchbond 1/Z100 MP Scotchbond Multi-
Purpose/Z100 MP
Syntac Single-
Component/Tetric Flow
Syntac/Tetric Flow
Etching (total etching tech-
nique of enamel and dentin
with a phosphoric acid gel)
Scotchbond etchant: application to enamel and dentin,
waiting 15 s, rinsing 10 s, removing excess water with an
air syringe (but leaving moist), wet bonding technique
Email Preparator GS:
application to enamel and
dentin, waiting 15 s, rinsing
10 s, removing excess water
with an air syringe (but
leaving moist), wet bonding
technique
Email Preparator GS:
etching of enamel 30 s,
etching of dentin 15 s, rinsing
for 10 s, drying thoroughly
Priming and bonding Scotchbond 1 adhesive:
application of 2 consecutive
coats, drying gently with air
3 s, light curing 10 s
Scotchbond multi-purpose
primer: application of 1 layer,
drying gently with air 5 s
Scotchbond multi-purpose
adhesive: application, light
curing 10 s
Syntac Single-Component:
application of first coat, wait-
ing 20 s, drying with air, light
curing 20 s, application of
second coat, drying with air,
light curing 20 s
Syntac primer: application of
1 layer, waiting 15 s, drying
thoroughly with air
Syntac adhesive: application,
waiting 10 s, drying with air
Heliobond: application, wait-
ing 10 s, blowing off excess
with air, light curing 10 s
Composite application Z100 MP: application in one-layer technique, light curing 40 s Tetric Flow: application in one-layer technique, light curing 40 s
b OptiBond Solo/XRV
Herculite
OptiBond FL/XRV Herculite Solobond M/Arabesk Top Solobond Plus/Arabesk Top
Etching (total etching tech-
nique of enamel and dentin
with a phosphoric acid gel)
Kerr Gel Etchant: application
to enamel and dentin, waiting
15 s, rinsing 15 s, lightly
drying without desiccation
of dentin, wet bonding
technique
Kerr Gel Etchant: etching of
enamel 30 s, etching of dentin
15 s, rinsing 15 s, lightly
drying without desiccation
of dentin, wet bonding
technique
Vococid: etching of enamel 30 s, etching of dentin 15 s, rinsing
20 s, lightly drying without desiccation of dentin, wet bonding
technique
Priming and bonding OptiBond Solo: application of
1 layer with light brushing
motion 15 s, drying gently
with air 5 s, light curing 20 s
OptiBond FL Prime:
application of 1 layer with
light brushing motion 30 s,
drying gently with air 5 s
OptiBond FL Adhesive:
application, blowing off ex-
cess with air, light curing 30 s
Solobond M: application of
first coat, waiting 30 s, dis-
persion with a faint air jet,
light curing 20 s
Solobond Plus Primer:
application of 1 layer only on
dentin with light brushing mo-
tion 30 s, drying thoroughly
with air
Solobond Plus Adhesive:
application on dentin and
enamel with light brushing
motion 15 s, drying gently
with air, light curing 20 s
Composite application XRV Herculite: application in two-layer technique
(first layer apical, second layer coronal), light curing each
increment for 40 s
Arabesk Top: application in two-layer technique
(first layer apical, second layer coronal), light curing each
increment for 40 s
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Fig. 1. Extent of microbial leakage according to Klimm et al. [1996].
washing in water, decalcification in EDTA (20%, pH 7.4, for 12
weeks at 37°C, changed twice weekly), removal of the fillings and
embedding in paraffin, the teeth were sectioned. Six sections 5- to
7-Ìm thick were cut from 6 evenly spaced locations of each cavity
and subsequently deparaffinized and stained according to Brown and
Brenn [1931]. The examination involved 72 sections per group (12
cavities), except in groups 5 and 6, where sections of 1 cavity per
group were lost during cutting.
The extent and pattern of microbial colonization of the marginal
gaps were ascertained histologically [Klimm et al., 1996]. The extent
of microbial colonization (fig. 1) is a ranked variable ranging from
score 0 (no microorganisms in cavity) to score 4 (microbial layer at
cavity wall and microbial penetration of dentinal tubules) [Klimm et
al., 1996]. Mean values of the extent of microbial colonization were
used to describe the results graphically. For statistical evaluation,
using the Mann-Whitney U test (· = 0.05), we compared the single-
and the corresponding multi-component adhesive (groups 1 and 2, 3
and 4, 5 and 6, 7 and 8, respectively). We also combined groups 1 and
2 in a Z100 MP group, groups 3 and 4 in a Tetric Flow group, groups
5 and 6 in an XRV Herculite group, groups 7 and 8 in an Arabesk
Top group. The Z100 MP group was then compared with the Tetric
Flow group and the XRV Herculite group with the Arabesk Top
group.
The variable type of colonization was divided into three groups:
microbial colonization mainly proceeding from (1) dentin margin
(more microorganisms were found in the apical half of the cavity);
(2) enamel margin (more microorganisms were found in the coronal
half of the cavity), and (3) colonization equally proceeding from
enamel and dentin margin (microorganisms were evenly distributed
over the apical and coronal cavity walls).
Results
Histological examination revealed only Gram-positive
rod-shaped and coccal bacteria and no foreign bacteria in
the cavities. In addition, microbiological tests of the incu-
bation medium revealed the presence of only S. mutans
and L. acidophilus.
The extent of microbial colonization is presented in
table 3. The amount of microbial colonization for all the
tested composite adhesive systems was very small (pre-
dominantly score 1: single microorganisms on the cavity
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Table 3. Extent of microbial colonization of marginal gaps for each composite adhesive system
Groups Total
sections
Mean
extent of
colonization
Extent of microbial colonization of
marginal gaps, number of sections
score 0 score 1 score 2 score 3 score 4
1 Scotchbond 1/Z100 MP 72 1.01 4 63 5 0 0
2 Scotchbond Multi-Purpose/Z100 MP 72 0.94 8 60 4 0 0
3 Syntac Single-Component/Tetric Flow 72 0.92 8 62 2 0 0
4 Syntac/Tetric Flow 72 0.85 13 57 2 0 0
5 OptiBond Solo/XRV Herculite 66 0.68 22 43 1 0 0
6 OptiBond FL/XRV Herculite 66 0.77 15 51 0 0 0
7 Solobond M/Arabesk Top 72 0.97 2 70 0 0 0
8 Solobond Plus/Arabesk Top 72 0.99 1 71 0 0 0
wall and/or within the detached layer). Scores 0 and 2
occurred rarely and scores 3 and 4 did not occur at all. The
mean values of bacterial colonization were different for
each of the systems and varied from 0.68 to 1.01 (table 3).
With respect to the extent of microbial colonization of
marginal gaps, there were no significant differences be-
tween the single-component and the corresponding multi-
component adhesives from the same manufacturer. Z100
MP restorations in combination with single- and multi-
component adhesives demonstrated a significantly stron-
ger microbial colonization of marginal gaps than restora-
tions using Tetric Flow systems. XRV Herculite adhesive
systems demonstrated significantly less microbial coloni-
zation of marginal gaps than Arabesk Top adhesive sys-
tems (table 4).
In all groups, microbial colonization of marginal gaps
proceeding from the apical dentin margin of the cavity
was more frequent than that proceeding from the coronal
enamel margin, whereas the microbial colonization extent
of the coronal enamel margin and apical dentin margin
were usually equal (table 5).
Discussion
All composite adhesive systems examined had good
marginal adaptation. Statistically, there were no signifi-
cant differences found in the intensities of bacterial colo-
nization. This means that the single-component adhesives
demonstrated a similarly stable bonding to the tooth tis-
sue than the proven multi-component adhesives. These
results agree with those of Vargas et al. [1997] and Swift et
al. [1998]. The single-component OptiBond Solo actually
has a higher bond value to enamel and sometimes to den-
Table 4. Comparison of microbial colonization of marginal gaps
between Z100 MP and Tetric Flow systems, and between XRV Her-
culite and Arabesk Top systems
Groups Extent of microbial
colonization of marginal gaps
mean p
Z100 MP (groups 1 and 2) 0.98 0.037
Tetric Flow (groups 3 and 4) 0.88
XRV Herculite (groups 5 and 6) 0.73 !0.001
Arabesk Top (groups 7 and 8) 0.98
tin than the multi-component OptiBond FL [Reality Pub-
lishing Co., 1999; Phrukkanon et al., 1998]. From dye
penetration studies, Settembrini et al. [1997] and Castel-
nuovo et al. [1996] concluded that a one-step dentin-
bonding system effectively prevents leakage in Class V
restorations at both composite-enamel and composite-
dentin tooth surface interfaces, while Pilo and Ben-Amar
[1999] found no significant differences between the sin-
gle- and multi-component dental adhesives.
Procedures for groups 1–4 differed from those used for
groups 5–8 (one- and respective two-layer technique, dif-
ferent number of thermocycles). These two main tech-
nique groups test different materials and therefore one
cannot determine from the results whether the identified
differences relate to differences in techniques or differ-
ences in materials. Therefore only Z100 MP can be com-
pared with Tetric Flow restorations and XRV Herculite
with Arabesk Top restorations to test material-related
differences. The cavity walls of Z100 MP restorations
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Table 5. Distributions of patterns of microbial colonization of marginal gaps for each composite/adhesive system
Groups Total
sections
Sections
with
penetration
Pattern of microbial leakage, %
equal penetration
from enamel and
dentin margin1
penetration
mainly from
dentin margin2
penetration
mainly from
enamel margin3
1 Scotchbond 1/Z100MP 72 68 56 28 16
2 Scotchbond Multi-Purpose/Z100 MP 72 64 62 22 16
3 Syntac Single-Component/Tetric Flow 72 64 47 36 17
4 Syntac/Tetric Flow 72 59 64 19 17
5 OptiBond Solo/XRV Herculite 66 44 45 32 23
6 OptiBond FL/XRV Herculite 66 51 72 20 8
7 Solobond M/Arabesk Top 72 70 87 13 0
8 Solobond Plus/Arabesk Top 72 71 77 23 0
1 Similar numbers of microorganisms on the apical and coronal cavity walls.
2 More microorganisms in the apical half of the cavity.
3 More microorganisms in the coronal half of the cavity.
showed more extensive colonization than Tetric Flow res-
torations. Physical characteristics are probably the source
of this difference. In contrast to the heavily filled compos-
ite Z100 MP, Tetric Flow is a flowable composite. This
type of material has a smaller elastic modulus (e.g. for Tet-
ric Flow only 5.3 GPa) than the harder composites (e.g.
for Z100 MP 13.0 Gpa) and is therefore more resilient.
This feature could allow Tetric Flow to better tolerate the
stress related to the shaping of the tooth and reduce the
stress on the bond to the tooth. This would serve as a
stress breaker, resulting in better adaptation to the cavity
walls [Frankenberger, 1999; Lang et al., 1996, Swift et al.,
1995]. Composite resins shrink during polymerization, to
an extent depending, like the elastic modulus, on the filler
content [Labella et al., 1999, Price et al., 2000, Swift et al.,
1995]. Flowable composites shrink more than heavily
filled composites, which might indicate a potential for
higher interfacial stresses [Labella et al., 1999, Obici et al.,
2002]. However, lower rigidity of the flowable composites
may be a counteracting factor [Labella et al., 1999]. Z100
MP has a polymerization shrinkage of 3.0% and Tetric
Flow of 4.4% [Soltész, 1998]. Low-modulus composites
can relieve some of the polymerization contraction
stresses by flow relaxation, whereas high-modulus materi-
als can compensate less well for such stresses [Labella et
al., 1999, Swift et al., 1995].
In the present study, the cavity walls of XRV Herculite
restorations were significantly less colonized with bacteria
than Arabesk Top restorations. OptiBond Solo and Opti-
Bond FL are filled adhesives as opposed to the unfilled
adhesives Solobond M and Solobond Plus. Filled adhe-
sives can impart an added flexibility to a restoration done
with a relatively stiff hybrid composite. This flexibility
can help to reduce the stress at the interface between the
restoration and the tooth caused by polymerization
shrinkage [Reality Publishing Co., 2000]. This produces a
much better quality margin. In their comparative investi-
gation of different dentin adhesives, Blunck and Roulet
[1997] found that restorations using OptiBond FL as the
bond medium had the highest margin quality and suggest-
ed that, because this is a filled adhesive, it forms a thicker
layer that acts like an elastic band and absorbs outside
forces.
The initial strength after application of dentin-bonding
agents is as good as those of composite-enamel bonding,
but the endurance under oral conditions is still inade-
quate [Tinschert et al., 1997]. Despite modern dentin
adhesives, marginal adaptation to dentin is still worse
than to enamel [Hickel, 1997]. Thus it was to be expected
that bacterial colonization of the coronal (enamel) aspect
of the cavities would be less than that of the apical (den-
tin) side. This was true for all groups. The most predomi-
nant form found was, however, a colonization proceeding
equally from enamel and dentin margins.
A microbiological testing system was chosen for the
investigation of single- and multi-component dental adhe-
sive systems because it better simulates the real situation
in the oral cavity than dye penetration tests, and is clini-
cally relevant since it is directly linked to the development
of secondary caries and pulp irritation. However, the
model has limitations.
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(1) Pulp inflammation may be caused by both microor-
ganisms and their toxins, but our model concerns only the
bacteria.
(2) Our model does not take into account hydration or
pulpal pressure of vital in vivo dentin [Pashley, 1991].
(3) Our method does not allow quantitation of all
microorganisms present; the restorations were not sam-
pled in situ by grinding, and the removal of the stiff fill-
ings from the decalcified dentin entails the risk of partial-
ly removing adherent microorganisms, so we could only
detect microorganisms adhering to dentin. However, such
microorganisms are capable of penetrating towards the
pulp.
(4) The dissolution of enamel by EDTA prevents direct
evaluation of the marginal adaptation to enamel; it can
only be estimated indirectly through the assessment of the
subjacent dentin.
In conclusion, the single-component dental adhesives
achieved marginal adaptation of composites comparable
to that of multi-component adhesives in vitro. The extent
of microbial leakage was very low in all tested composite
adhesive systems. Long-term clinical data are required.
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